DBMODELING is a relational database of annotated comparative protein structure models and their metabolic pathway characterization. It is focused on enzymes identified in the genomes of Mycobacterium tuberculosis, Plasmodium falciparum, and Xylella fastidiosa. The main goal of the present database is to provide structural models to be used in docking simulations and drug design.
INTRODUCTION
The complete genomes of a number of organisms have been sequenced and many more are under way. Although protein function is best determined experimentally [1] , it sometimes can be predicted by matching the sequence of a protein with proteins of known functions [1] [2] [3] . This is possible since similar protein sequences tend to have similar functions, although exceptions also occur [4] . The success and utility of computational assignment of protein function recently has increased exponentially because of the numbers of genome sequencing projects [5, 6] .
The 3D structural determination by X-ray crystallography and nuclear magnetic ressonance (NMR) spectroscopy methods are being generated slower than primary sequence databases, which make molecular comparative modeling to obtain structural information faster on large-scale, possibiliting the development of web servers to protein structure prediction and warehousing data collection of modeling.
The automation of large-scale comparative modeling involves assembling a software pipeline, which consists of modules for fold assignment, template selection, targettemplate alignment, model generation, and model evaluation. Computer programs for these individual operations already exist, and it may seem trivial to combine them [6, 13, [68] [69] [70] [71] [72] . One example of large-scale comparative modeling for complete genome of have been described to sequences encoded in the Mycobacterium tuberculosis and Xylella fastidiosa genomes, which used PARMODEL [7] pipeline to build models for 8-11% of the proteins identified on these genome warehousing it in the DBMODELING database [8] [9] [10] . The challenge in large-scale comparative modeling is to build an automated, fast, robust, sensitive, and accurate comparative modeling pipeline applicable to whole genomes; such a pipeline should perform at least as well as a human expert on individual proteins.
Several groups reported the use of complete genome to generate inputs for molecular modeling to compose protein model databases. By using powerful computer systems with multiple processors, such as a Beowulf cluster, these efforts have allowed the creation of large databases of comparative protein models, including those using methodology described by SwissModel server storing in the SwissModel Repository [11, 12] and those utilizing MODELLER [13] , such as DBMODELING [8, 17] , MODBASE [14, 15] , and GTOP [16] .
The 3D structure of a protein is valuable in testing, understanding, and modifying protein function. The comparison between experimental and modeling methods to generate 3D structures show that comparative protein modeling can more quickly provide protein models in large-scale [18] [19] [20] . Despite the usefulness of comparative modeling, it is still not a common sequence analysis tool for the biologist, partly due to the lack of easy access to reliable models. The Swiss-Model [21] and ModBase [22] databases of comparative models attempts to solve this problem, as does the DBMODELING [8] database, which describe new protein targets by using component proteins of metabolic pathways from organisms that represent a serious public health problem, searching molecular targets for drug developments. The automated large-scale comparative protein modeling and their database will be present in this article to highlight the importance of molecular modeling databases [17] .
WEB SERVERS TO LARGE-SCALE MOLECULAR MODELING
There are several servers for automated comparative modeling, which are available for any researcher. Automation makes comparative modeling accessible to both experts and nonspecialists alike. Many of the servers are tested by the LiveBench [23] and EVA [24, 25] web servers for assessment of automated structure prediction methods. However, in spite of automation, the process of calculating a model for a given sequence, refining its accuracy as well as visualizing and analysing its family members in sequence and structure space can involve the use of scripts, local programs and severs scattered across the internet and not necessarily interconnected. In addition, manual intervention is generally still needed to maximize the accuracy of the models in the difficult cases [26] . We present below some web servers that contributing to populate the comparative modeling databases of complete genomes. Fig. (1) shows the schematic drawing to automated comparative protein modeling used in some prediction web servers that use MODELLER for modeling.
Several groups have developed systems for automated molecular modeling algorithms, such as ModPipe [6] , CPHmodels [27] , 3D-JIGSAW [28] , EsyPred3D [29] , SWISS-MODEL [30] , PARMODEL [7] , SDSC1 (http://cl.sdsc.edu/hm.html).
Despite of huge amount web servers dedicated to automated prediction structure protein, we have cited those that are integrated with public molecular modeling databases, which are PARMODEL, ModWeb, and SWISS-MODEL web servers (Table 1) .
PARMODEL is a web server for automated comparative modeling and evaluation of protein structure. This web server was designed to integrate the main softwares used in this process, therefore it is subdivided in four modules: Parmodel modeling, Parmodel assessment, Parmodel visualization, and Parmodel optimization.
To build models, the Parmodel web server relies on MODELLER [13] which is a program for comparative structure modeling. Parmodel modeling provides an interface which requires one amino acid sequence and up to eight templates structures as input data. To make the server respond more rapidly, Parmodel
Modeling submits jobs to a Beowulf cluster of 16 PCs running Linux. We have implemented a program using a library from C language, MPI (Message Passing Interface), which controls the distribution of the MODELLER jobs on the Beowulf cluster. It allows parallelization of the MODELLER execution and decreases the processing time of the modeling process. Parmodel Modeling returns the results by e-mail [7] . Parmodel is available at http://www.biocristalografia.df.ibilce.unesp.br/tools/parmodel. Parmodel has been integrated to automated complete genome modeling. Because of demanding computational load, it is currently restricted to internal selected users.
The next is ModWeb (http://salilab.org/modweb), which relies on ModPipe, a completely automated software pipeline for comparative protein structure modeling, which can calculate comparative models for a large number of protein sequences, using many different template structures and sequence-structure alignments [6, 14, 22] . Sequence-structure matches are stablished by aligning the PSI-BLAST sequence profile [31] of the target sequence against each of the template sequences extracted from PDB [32] , as well as by scanning the target sequence against a database of the template profiles using IMPALA [33] . Significant alignments covering distinct regions of the target sequence are chosen for modeling. Models are calculated for each of the sequence-structure matches using the program MODELLER [13] .
For single sequences, MODWEB returns the output of the built models by email, but when the input consists of many sequences or a structure, the ouput is added as a separate dataset into relational database of protein structure models, MODBASE (http://salilab.org/modbase) [22] .
Modeling of protein structures requires extensive expertise in structural biology and the use of highly specialized computer programs for each of the individual steps of the modeling process [34] . The idea of an easy-to-use, automated modeling facility with integrated expert knowledge was first implemented 12 years ago [35] [36] [37] and formed the starting point for the SWISS-MODEL [31] . SWISS-MODEL is a server for automated comparative modeling of 3D protein structures. It is designed to work with a minimum of user input, i.e. in the simplest case, only the amino acid sequence of a protein target. As comparative modeling projects can be of different complexity, additional user input may be necessary for some modeling projects, for instance to select a different template or adjust the target-template alignment. Therefore, the SWISS-MODEL server gives to the user the choice between three main interaction modes.
After building models, a detailed report listing all steps performed by the modeling server is provided to the user. This includes force field energy [38] on the ExPASy server [42] . Depending on the complexity of the modeling and server workload, it may take a few minutes to several hours for the server to build a model, including energy minimization. The model atomic coordinates and log-files are returned to the user by e-mail. [32] . The growing of these databases are not correlated, since experimental protein structure solved by X-ray crystallography, NMR spectroscopy, and other techniques (Fig. 2) is still a time-consuming process without guaranteed success, and the number of primary sequences databases entries are above two orders of magnitude.
COMPARATIVE PROTEIN MODELING DATABASES
Among all current computational approaches, comparative modeling is the only method that can reliably generate a 3D model for a protein [34] . If a target protein shares significant amino acid sequence similarity to at least one experimentally solved 3D structure (template), comparative modeling can be applied to build a 3D structure model for this new protein. Comparative protein modeling is already the most significant method in structural biology because a large fraction of proteins can be modeled with accuracy sufficient for addressing many biological questions. To increase the efficiency of using comparative models for experts and to make comparative models accessible to non-experts, several databases were created, containing comparative models for many proteins that are detectably related to proteins of known structure. Thus, structural model databases, provide us a large amount 3D structures to use in inhibitor design and development. This article presents a discussion of the main structural model databases, highlighting the DBMODELING [8] and presenting other databases, such as MODBASE [22] , SWISS-MODEL Repository [43] , and GTOP [16] .
DBMODELING
Despite the importance of modeling in genome-scale, molecular modeling became necessary to model new structures for drug development. DBMODELING [8] is a new bioinformatics relational database of modeled genomes. The main interest in the study of metabolic pathways of some infectious agents is the fact of some of these pathways may not be present in human, becoming selective targets for drug design, decreasing impact of symptoms of drugs in the organism. This identification and characterization is of extreme importance for drug development.
DBMODELING provide us several information about Mycobacterium tuberculosis
and Xylella fastidiosa genomes.
One of the most important applications of molecular modeling techniques in structural biology is docking of a molecule to a receptor, such as a protein [61, 62] . If the structure of the receptor is known then the application is essentially one of structure based drug design. These methods have a number of related aims; they often seek to identify the location of the ligand binding site and perhaps the geometry of the ligand in the active site. Another goal is the correct ranking of a series of related ligands in terms of their affinity, or to evaluate the absolute binding free energy as accurately as posssible [63] . client using a Perl-CGI programming, quick display of the records as dynamically generated web pages in different frames. The search engine was developed to dynamically display results of searches based on relational information from database about 3D structures using input data as keywords pertinent to the metabolic pathways or specific proteins. Fig. (3) shows a schematic drawing of internal access and process of DBMODELING.
All models in the database are publicly accessible via our interactive website at http://www.biocristalografia.df.ibilce.unesp.br/tools/index.php. The DBMODELING user interface provides user friendly menus, so that all information can be printed in one step from any standard web browser (Fig. 4) 
SWISS-PROT/TrEMBL and GenPept accession numbers, and open reading frame names (ORFs).
There is also possibility to search for sequence similarities to the model sequences using BLAST [31] . It is also possible to query the database directly using SQL as implemented in MySQL (http://www.mysql.com). For each model, it also includes links to a more detailed description of the model, a summary of all models for a given protein, and the PDB database [32] for a detailed description of the template structure used in comparative modeling. The model description page contains a schematic representation of the target-template alignment and links to the template fold entries in the CATH database [45] . In addition, it links to the model atomic coordinates in the PDB format and the target-template alignment used to drive the model. In addition to the web pages containing text and schematic representations implemented in Perl/CGI.
All models in MODBASE were builded using MODPIPE, the entirely automated software pipeline for large-scale comparative protein structure modeling.
The 3D structures of the models are assessed by computing an energy-based model score that uses a statistical energy function, sequence similarity with the modeling template and a measure of structural compactness [14] .
MODBASE contains a report of the binding sites of known structure for ~50,000 ligands found in the PDB [46] . 
SWISS-MODEL Repository
Information from 3D comparative protein models is used routinely in a wide variety of applications [14] . The usefulness of comparative models for specific applications is strongly dependent on their quality. Applications for high quality models are manifold, and include planning site-directed mutagenesis experiments and rationalizing the effect of mutations [48] [49] [50] , characterization of molecular functions [51, 52] , and structure based drug design [53, 54] .
A huge and constantly growing number of structurally uncharacterized protein sequences together with the increasing number of available template structures motivated the development of automated, stable, and realiable modeling methods [37, 6] . The idea of an internet based automated modeling facility with integrated expert knowledge was first implemented years ago by Peitch and coworkers [37, 12] and formed the starting point for the SWISS-MODEL server. With presently available computing power, it is possible to apply comparative modeling on a large-scale to whole genomes. SWISS-MODEL was described by Sànchez et al. (2000) [55] .
Storing and organizing results of large-scale automated modeling in a database makes better use of the available computing resource, and gives instant and queryable access to models without having to wait for a computation to complete.
The easy access to pre-computed and annotated comparative models through a model repository helps to enrich other database projects with structural information, e.g. sequence knowledge bases like Swiss-Prot [41] . The SWISS-MODEL Repository, which is a comparative protein models database of annotated 3D structural models generated by the fully automated comparative modeling pipeline SWISS-MODEL. There are currenty in this database about 600,000 3D models for sequences from the Swiss-Prot and TrEMBL databases. The SWISS-MODEL Repository can be accessed at http://swissmodel.expasy.org/repository. The design of web pages has friendly menus, so that all information can be showed in one step from any standard web browser.
The Repository can be queried for protein or gene name, Swiss-Prot accession codes, protein description key words, E.C. numbers and organism names.
The search interface allows combining all these different descriptors to complex queries, e.g. searching the Repository for all models of a certain enzyme in several organisms. For each model, the Repository provides links to the target sequence entry in Swiss-Prot [41] , the template structure entries in PDB [56] , SCOP [57] and CATH [45] , and domain organization in InterPro [58] .
GTOP
Another modeling database is the Genomes TO Protein (GTOP) accessed at http://spock.genes.nig.ac.jp/~genome/gtop.html that provide us a huge amount of structures and functions for several organisms. It also includes results of other analyses, such as homology and motif search, detection of transmembrane helices, and coiled-coil region. There is in this database complete analysis of 41 organisms, with more than 120,000 proteins which are presented using a graphical viewer as a form to display results of each ORF in one page in a colored format [16] .
GTOP contains an extensive repository of protein determined by homology modeling, which combined with another analysis constitute an effective tool in the characterization protein structure and function. In principle, GTOP aims to analyze the entire protein sequences in some completely sequenced genomes. Several programs were used to determine homology models such as PSI-BLAST [31] detecting weak sequences homologies against proteins of known structure. Profiles used in PSI-BLAST were performed for each open reading frame (ORF) sequence from a non-redundant sequence database. This search procedure for sequences in the Protein Data Bank (PDB) [32] was used to find related sequences (templates) and to predict their structures. GTOP also scanned the domain sequences of the SCOP database [59] to assign SCOP taxonomy to each ORF.
On average, GTOP could predict structures for ~42% of ORFs in a total of 41 organisms: FASTA [60] predicted ~26.5% of the ORFs, and PSI-BLAST found ~15.8%. The rate increase of predict structures is often attributed to the fact that we needed to use the latest version of the PDB. Due to the growing of PDB data, this database has increased their predictions in a fraction by ~3.1% after each year [16] .
In addition to the results of completed analysis, it was provided an automatic structure prediction service using BLAST and Reverse PSI-BLAST programs. If an user submit a sequence of interest into the form on the web page, the protein structures of its homologs will promptly be returned. This service is important for two reasons. First, GTOP cannot cover all kinds of proteins. Secondly, GTOP cannot reanalyze the PDB data every week, as too much computational costs would be these counts, the prediction service can remedy the intrinsic defect in the readymade portion of GTOP [16] .
CONCLUSION
Several databases were created to highlight molecular modeling databases as a new method to identify protein targets in large-scale for drug design and structural analysis of protein-ligand interaction. These databases are MODBASE, SWISS-MODEL, and DBMODELING [17] , which offer to user tools not available in the previously cited databases, such as on-line structural quality analysis of the models, animated figures for the models, a tool for submitting docking simulations, and an accuracy modeling protocol.
DBMODELING is updated regularly to take into account new sequences from others infectious agents, and new template structures released by the PDB that might allow the construction of models for previously unmodeled proteins, or might provide a better template for already existing model entries. The database is updated at least monthly to reflect the growth of the sequence and structure databases, as well as improvements in the methods and utilization of new softwares used for analysing the models. It will be growing the number of organisms and metabolic pathways, once new template structures become available in the PDB database, new models will be built. Several tests were performed with contents of DBMODELING to reflect their power in selection of protein targets using metabolic pathways, such as shikimate pathway and their enzymes (Fig. 5) to identify new drugs which inhibit these enzymes decreasing the toxic impact in human organism. Fig. (1) . Fluxogram which describes most of algorithms for protein structure prediction available in web servers. There are differences in some programs of prediction, alignments, and structural evaluation. Several web servers change some variables to obtain more success and better overall stereochemical quality in their final structure, such as identity, alignment and modeling algorithm, and internal parameters of the softwares. (4) . After selecting the enzyme requested in the DBMODELING database, the user needs to click on the enzyme link, and the result frame for example of enzyme 3-dehydroquinate synthase from Mycobacterium tuberculosis genome is showed to the user.
Fig. (5).
Shikimate pathway and their sequence of seven metabolic steps, from erythrose-4-phosphate and phosphoenolpyruvate until the conversion to chorismate that is essential to bacterial life. This conversion cross seven enzymes which are potential targets for drug design because this pathway is absent in human, decreasing toxic impact in the infected organism. The proposal of new inhibitors for these enzymes have importance in the structural and functional genomics. The affinity and specificity of inhibitors for these enzymes may provide new advances in the target selection to interrupt metabolic pathways in some step and kill the infectious agents. The enzyme selected as example is EPSP synthase from Mycobacterium tuberculosis presented as a ribbon diagram complexed with shikimate-3-phosphate and glyphosate [10] .
